A genomic subtraction between a pandemic Vibrio parahaemolyticus and a nonpandemic strain that seemed to be clonally related was performed. A subtractive DNA fragment was identified to be a part of a 16-kbp insertion sequence which was present in almost all pandemic strains but not in nonpandemic strains tested.
Vibrio parahaemolyticus is a major cause of seafood-borne gastroenteritis, frequently associated with the consumption of raw or undercooked seafood (2) . Although various serovars of the bacterium can cause infections, O3:K6, O4:K68, and several other serovars producing thermostable direct hemolysin (TDH) have been recognized as the predominant group responsible for most outbreaks occurring worldwide since 1996 (6, 8) . Past molecular studies (8, 13 ) based on pulsed-field gel electrophoresis (PFGE) and arbitrarily primed-PCR (AP-PCR) indicated that those pandemic strains showed almost identical fragment patterns, suggesting them to be clonally related, thus forming the "pandemic group." Nevertheless, we still do not have any substantial evidence to explain the "pandemicity" of these strains.
In this context, Matsumoto et al. (6) reported that the pandemic group exhibited a unique sequence (ToxR/new) within the toxRS operon, which encodes transmembrane proteins involved in the regulation of virulence-associated genes conserved in the genus Vibrio. Meanwhile, we have recently identified yet another pandemic group-specific sequence which is located in a gene encoding a hypothetical protein approximately 80% homologous to the Mn 2ϩ and Fe 2ϩ transporter of the natural resistance-associated macrophage protein family of Vibrio vulnificus (10) . However, the above examples were limited to a few base replacements from those of nonpandemic strains and thus did not seem to lead to any definite pandemic trait. In the present study, we therefore aimed at identifying pandemic group-specific DNA sequences on a much larger scale, using genomic subtraction, in which whole genome preparations of a pandemic strain (tester strain) are subtracted from that of a nonpandemic strain (driver strain) to leave any group-specific sequences to be identified.
In the present study, a pandemic strain, NIID K7, isolated in 1998 from a Japanese patient and carrying the TDH gene, ToxR/new, and pandemic group-specific sequence was the tester strain. A nonpandemic strain, KE10491, isolated from a Japanese patient in 1983 which possessed ToxR/new without the TDH gene and pandemic group-specific sequence was the driver strain ( Table 1) . As described previously (9) , the strains resemble each other in their PFGE and AP-PCR profiles ( Fig.  1 ), suggesting that they are clonally related. It was thus hoped that we could identify the unique sequences by genomic subtraction more efficiently than by using remotely related strains.
For genomic subtraction, representational difference analysis was performed, following essentially the procedure described by Calia et al. (3) with use of a commercially available kit (GeneFisher PCR Subtraction System; Takara Shuzo, Tokyo, Japan). Briefly, 1 microgram of each of the DNAs was digested with 10 units of the enzyme BglII. The digests were then extracted with phenol-chloroform, precipitated, and resuspended at a concentration of 0.2 g/l. Three sets of complementary oligonucleotide pairs, designated RBgl, JBgl, and NBgl, were provided with the above kit; each of these pairs consists of a 24-mer and a 12-mer which, when annealed, generate a BglII-compatible overhang.
For representation, the pair of RBgl oligonucleotides were ligated onto the ends of BglII-digested DNAs. After an initial extension reaction at 72°C for 5 min to fill in the complementary strand to the ligated 24-mer, PCR was used to amplify these fragments with the 24-mer oligonucleotide as the primer. Following amplification, the RBgl oligonucleotides were digested off of the amplified fragments with BglII and the fragments from the tester strain were gel purified. The second set of JBgl was then ligated onto the purified fragments of the tester DNA as above.
The hybridization reaction was set up using 40 g of driver DNA and 0.4 g of tester DNA (100:1 driver/tester ratio) in a final volume of 8 l of hybridization buffer. The DNA was denatured at 98°C for 5 min. The hybridization mix was then amplified with the JBgl 24-mer as the PCR primer. The first round of amplification was for 10 cycles of 1 min at 95°C and 3 min at 70°C, with the last cycle followed by an extension at 72°C for 10 min, followed by digestion of the products by mung bean nuclease. The nuclease-treated product was then amplified for an additional 20 cycles. The resulting amplicons, which are called the first difference products, were digested off with BglII, and the fragments were gel purified as above.
The third pair of oligonucleotides, NBgl, was ligated onto the pool of amplified difference product fragments, and this pool was mixed with a large excess of driver DNA fragments.
A second round of subtractive/kinetic enrichment PCR was carried out, with the NBgl 24-mer oligonucleotide as a primer. For the final round of the enrichment, the NBgl pair of oligonucleotides was digested off, the JBgl oligonucleotide pair was ligated back onto the tester DNA fragments, and subtractive/ kinetic enrichment PCR was repeated.
After three rounds of subtractive hybridization of the adaptor-ligated DNAs, secondary identified PCR products were cloned into the plasmid pGEM-T Easy vector (Promega, Madison, WI.). Subtractive PCR inserts were then amplified from the clones (30 cycles of 94°C for 30 s, 57°C for 30 s, and 72°C for 1 min) by using T7 and SP6 primers followed by nested PCR with the primers provided with the subtraction kit (20 cycles of 95°C for 1 min and 72°C for 3 min). Subsequently, the nested PCR products were purified by GENECLEAN II kit (Q-BIO Gene, Montreal, Canada).
Using the purified product as probes, we then performed dot blot hybridization against the tester and driver genomic DNAs or the plasmid DNAs in order to confirm whether the subtractive clones were specific to the tester DNA. Labeling probes, prehybridization, and hybridization were performed following the manufacturer's instructions. (Alkphos Direct manual: Amersham Biosciences Corp., Piscataway, NJ). Genomic or plasmid DNAs were transferred to a Hybond Nϩ nylon membrane (Amersham Biosciences) and hybridized with an alkaline phosphatase-labeled probe derived from a total of 28 subtractive PCR fragments. Positive hybridization was detected by coloration of sample spots on the membrane with nitroblue tetrazolium-5-bromo-4-chloro-3-indolylphosphate (NBT-BCIP) (Kirkegaard & Perry Laboratories, Gaithersburg, MD). The hybridization tests indicated that three (F2-1, F3-1, and F3-4) of the fragments were unique to the tester DNA (data not shown).
Subsequently, sequencing each fragment was initiated using two primers (SP6 promoter primer and T7 promoter primer) complementary to the sequence of the plasmid vector pGEM-T Easy (Promega). Both DNA strands were sequenced using a BigDye terminator cycle sequencing kit v3.0 (Applied Biosystems, Foster City, Calif.) on an ABI Prism 3100 Genetic Analyzer (Applied Biosystems) following the manufacturer's protocol. Comparison with the sequences available in GenBank and EMBL by using the BLAST network service (www.ncb.nlm.nih.gov/BLAST/BLAST.cgi) (1) protein of unknown function (positions 237821 to 238008, GenBank accession no. VPA1371), respectively (5) . From this sequence information, primer pairs specific to each gene were designed by using Primer Premier version 4.04 software (Premier Biosoft International, Palo Alto, Calif.). The primer sets were as follow: 5Ј-GGCTGCTATAACATTG AGCAC-3Ј (F2-1-F) and 5Ј-GAGGACTTGTGAAATCCCA TG-3Ј (F2-1-R) for partial amplification of VP2905, 5Ј-TTAG TTGTTTCAGGTTGCCG-3Ј (F3-1-F) and 5Ј-TCACACCAC CTGAACGAAGTA-3Ј (F3-1-R) for partial amplification of VPA1367, and 5Ј-GTGCGCCTAAATCGAGTTCT-3Ј (F3-4-F) and 5Ј-GCGACAGAAAGCCTGAACAT-3Ј (F3-4-R) for partial amplification of VPA1371.
With these primer sets, screening PCR tests were then performed on a panel of six pandemic strains (inclusive of the tester strain) and six nonpandemic strains (inclusive of the driver strain) listed in Table 1 . The PCR amplification was performed in a total volume of 20 l. Two microliters of each genomic DNA preparation (1 ng DNA/l Tris-EDTA buffer) was added to the PCR master mix, which consisted of 2 l of 10x PCR buffer (with 15 mM Mg 2ϩ ; Promega), 0.25 l of a deoxynucleoside triphosphate mixture (0.125 mM each deoxynucleoside triphosphate), 0.125 l of each primer (0.125 M of each primer), and 0.125 l (0.625 U) of Taq DNA polymerase (Promega), with the remaining volume consisting of distilled water.
A GeneAmp PCR System 2700 thermal cycler (Applied Biosystems) was used for PCR amplification, consisting of 30 cycles of denaturation at 94°C for 30 s, primer annealing at 55°C for 30 s, and extension at 72°C for 30 s. Five microliters of the PCR products were then electrophoresed on 2% agarose gels, stained with ethidium bromide (0.25 g/ml), and photographed under UV light for positive PCR products (385 bp for VP2905, 504 bp for VPA1367, and 584 bp for VPA1371). These results revealed that the gene sequence VP2905 was specific only to the six pandemic strains (Table 1) .
To further confirm that this gene sequence was specific to the pandemic group, we performed additional PCR tests with the primer set of F2-1-F and F2-1-R on a total of 153 V. parahaemolyticus strains of various serotypes (Table 2) . These included 55 pandemic strains and 98 nonpandemic strains that were grouped by two separate pandemic group-specific PCR tests as described previously (9, 10) . The test results revealed that all pandemic strains except one, KIH 03-57 (a clinical isolate of O4:K68), had the gene sequence VP2905, while all nonpandemic group strains did not ( Table 2 ). This gene is located within an approximately 16-kb sequence which is inserted in the open reading frame of a histone-like DNA-binding protein, HU-␣ (5). Coincidentally, this finding was suggested by those of Williams et al. (12) , in which pandemic V. parahaemolyticus has a histone-like DNA-binding protein, HU-␣, with few amino acid differences from that of a nonpandemic strain due to a 16-kbp insertion sequence at the 3Ј end of the open reading frame of HU-␣.
Histone-like proteins of bacterial species are small and heat stable and bind to single-and double-stranded DNA, thereby altering DNA structure and topology (4) . In enteric bacteria, mutations in a histone-like protein nucleoid-structuring protein result in modification in their drug resistance (7) . In streptococci, Stinson et al. (11) also demonstrated that an extracellular histone-like protein has a potential role associated with tissue inflammation in their pathogenicity. We can speculate that the modification of HU-␣ by several terminal amino acids might endow V. parahaemolyticus with a novel pathogenic factor, thus enabling it to be a pandemic clone.
The 16-kbp insertion sequence includes at least 10 genes all encoding hypothetical proteins of unknown functions. These proteins may be responsible for novel phenotypic or pathogenic properties yet to be elucidated for the pandemic group. It should also be noted that the insertion sequence includes a gene encoding a putative phage protein (5) and has an identical sequence (TTCTTCAG) immediately after its 5Ј and 3Ј ends, suggesting that the insertion sequence was of phage origin.
Accordingly, we examined further the exceptional pandemic strain KIH 03-57 by PCRs targeting several different regions within or adjacent to the insertion sequence and found that the strain had an intact HU-␣ sequence, completely devoid of the insertion sequence (data not shown). The evidence suggests that the strain might have been cured of the putative phage. Further investigation is in progress to detect any phenotypic difference between the pandemic strains and this strain in order to evaluate any involvement of the insertion sequence in the emergence of pandemic V. parahaemolyticus.
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